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Phrynosoma mcallii inhabiting a topographically complex, sparsely vegetated, 
"mudhill" terrain site in southern California in 1999 and 2000 had low mortality rates, 
and small clutch sizes compared to previous data from this species. Females likely 
produced a single clutch of eggs in each year. Although this population occurs near a 
heavily used OHV trail, I did not detect any mortality due to OHV use. 
Lizards did not center home ranges on obvious habitat features. Lizards 
maintained smaller home ranges and exhibited greater range fidelity than did lizards at 
other sites in other years . Phrynosoma mcallii share many area-use characters with other 
phrynosomatid lizards; males maintain home ranges approximately twice as large as 
females, and lizards maintain home ranges which overlap home ranges of lizards of the 




The California State Department of Parks and Recreation, Off Highway Motor 
Vehicle Division funded this study. The staff of the Ocotillo Wells Ranger Station 
provided additional support and assistance, including lodging, field supplies, computer 
use, and advice. I thank Jon Child (1999) and Tyler Grant (2000) for their capable 
assistance in the field, and Dan Foley, Jesse Meik, and Ty Gardner for help in collecting 
and storing GPS-based data. I especially wish to thank Kevin Young for his generous 
and invaluable assistance and advice in every phase of this project. Susan Durham's 
statistical advice and expertise greatly improved this thesis. I thank Dr. Joseph 
Mendelson III, Dr. Edmund Brodie, Jr., and Dr. Gary Belovsky for advice, direction, 
patience, and understanding. I additionally thank Dr. Mendelson and Dr. Brodie for 
providing the opportunity to participate in this project. Melissa Amarello, Kevin Bonine, 
Jesse Meik, Jeff Smith, Eric Stitt, Don Swann, and Dale Turner provided valuable 





ABSTRACT ................................................................................ .... .. .... ii 
ACKNOWLEDGMENTS .. .. .............. ........ .. ... ........... . ... . ..... .... ......... .. ...... iii 
LIST OF TABLES .. ····· ············ .. .. ...... .... .. . ........ .......... .... .. .. .... ...... . . ······ . .. V 
LIST OF FIGURES ................... ... ..... . ... ...... .. .. ...... .. . ...... . ... . ......... . . . .. . .. .. vii 
INTRODUCTION .............. ...... ... .... .. ...... ........ . ...... . . . .. ... .. . ............... .. ..... 1 
METHODS .. .... .. .... ... . ........ . .. .. .......... ..... ... .. . . .... ... ............. .. ...... . ........... 6 
Study Site and Period ...... . .... .. .. .................. .. .... .. ..... . ... .... .................. 6 
Field Methods . .... .... ...... ....... . ........... ......... ..... ........... . . . ........... . ..... . 9 
Demography . ....... . ............ .. ... . .... ......... ........ .. . . ............. . ....... ........ 11 
Home Range Characteristics ........... .. ... .. .. .. ...... . ......... ... . ..... ... . ..... ...... 15 
RESULTS ...................................... . ..... . ................. ..... . ... ... ... ............ ... 21 
Demography ...................................................................... ...... . .... 21 
Home Range Characteristics .... .. ...... .. .. . .... .. . ..... . . .... .. . ..... ....... . ..... ...... 32 
DISCUSSION ............ .......... ... ....... .... . ...... . ..... ... .. . .. .... ...... ..... ........ ....... 45 
Demography ... ........ . ....... .. ... . . ...... . ...... . .. .... .... ..... ........ ... ........... ... . 45 
Home Range Characteristics .. ... ........... ..... ... ..... .. .. . .. . . . .............. . .. .... .. 5 I 
LITERATURE CITED ......................................... . ..... ... .. . .. . ... ................. 62 
V 
LIST OF TABLES 
Table Page 
Daily mortality rates of Phrynosoma meal/ii at OWSVRA in 1999 and 2000 . . .. 21 
2 Sources of mortality among Phrynosoma meal/ii at OWSVRA 
in 1999 and 2000 ...... .... . . . .. .... . . ..... . .... .. ... . . .. . . . . .. . .. . . . .. . .. . ... .. . .. . .. ...... . 21 
3 Changes in mass of gravid female Phrynosoma meal/ii 
following egg deposition at OWSVRA in 2000 .. ...... ..... .. ...... . ...... .. ......... 24 
4 Age structure of reproductive and non-reproductive female 
Phrynosoma meal/ii at OWSVRA in 2000 .. .... ...... . .. . ....... ... . ..... .. . ........ .. 25 
5 Size and minimum clutch sizes of gravid female Phrynosoma meal/ii 
at OWSVRA in 2000 .............................. . ....... . .. ....... . .. . ... .. ... .. . .. .. .. 25 
6 Sex ratio of Phrynosoma meal/ii captured at OWSVRA in 1999 and 2000 ... .. .. 26 
7 Comparisons between Phrynosoma meallii at OWSVRA in 1999 
(N = 56 adult, 38 yearling) and in 2000 (N = 54 adult , 34 yearling) ..... .. .. .. ... 28 
8 Comparisons between male (1999 N = 38 adult, 19 yearling; 
2000 N = 33 adult, 17 yearling) and female (1999 N = 18 adult, 
19 yearling; 2000 N = 21 adult, 17 yearling) Phrynosoma meallii 
at OWSVRA in 1999 and 2000 ....... .. ........ ...... ....................... .. ......... 28 
9 Between- and within-year daily rates of change in mass (g/day) and 
SVL (mm/day) of Phrynosoma meal/ii at OWSVRA in 1999 and 2000 .... .. . .. . 32 
10 Descriptive statistics for year-long home range sizes (ni2) 
of Phrynosoma meallii at OWSVRA .. .... .. . ..... .. ..... .......... .. ...... . ..... ... .... 33 
11 Results of AN OVA tests of 95% (total) and 50% (core) year-long 
and month-long fixed kernel estimates of home range size .... . ... .. .......... .. .. .. 35 
12 Between-year home range fidelity of Phrynosoma meal/ii home ranges at 
OWSVRA ...................... ... ........................... .. .. . ... .. . .. ....... . . ... .. ... 36 
13 Descriptive statistics of within-year home range fidelity in Phrynosoma meallii 
home ranges at OWSVRA in 1999 .... .. ...... .. . . . . ............ ...... .... ... ... . ....... 37 
14 Results of ANO VA tests of home range fidelity derived 
from 95% (total) and 50% (core) year-long and month-long 
VI 
fixed kernel home range estimates ........ .. ....... ......... . .. ..... . . .. ... .. . ...... . ... 39 
15 Results of AN OVA tests of home range overlap derived from 95% (total) and 
50% (core) year-long and month-long fixed kernel home range estimates ..... .. .43 
16 Results of ANOV A tests of cumulative home range overlap 
derived from 95% (total) year-long and month-long fix ed kernel 
home range estimates .. .. ... . ..... .. .. .. ...... . . ....... .. .. . ... .. . .. . . ... .. .. . .... ..... .. .44 
Vil 
LIST OF FIGURES 
Figure Page 
1 Map of Ocotillo Wells State Vehicular Recreation Area in San Diego 
and Imperial Counties, California, showing the location of the 
Mudhill study site ............. . .............. . . . ........ ............. . ...................... 6 
2 Topography at Mudhill on the Ocotillo Wells State Vehicular 
Recreation Area ....... . ..... . ..... . .. ................ . ........... ... . .... .... ............... 8 
3 Sparse vegetation at Mudhill on the Ocotillo Wells State Vehicular 
Recreation .1\rea ... . ............. .. ............. . ..... ... ............ ......... .. . .... ..... ... 8 
4 Phrynosoma mcallii perched atop silt concretion at Mudhill on the 
Ocotillo Wells State Vehicular Recreation Area .... .......... . ....... . ................. 9 
5 Phrynosoma mca/lii carrying ~ 1.65 g radio transmitter at Mudhill 
on the Ocotillo Wells State Vehicular Recreation Area .. ........................... . 11 
6 Phrynosoma mcallii (W*82) with visible egg bulges on 2 September 2000 
at Mudhill on the Ocotillo Wells State Vehicular Recreation Area .. .. ............. 14 
7 Copulating Phrynosoma mcallii on 27 July 1999 at Mudhill on the 
Ocotillo Wells State Vehicular Recreation Area .......... . . ..... . . ................... 23 
8 Size of reproductive and non-reproductive females at Ocotillo Wells 
State Vehicular Recreation Area in 2000 ........................................ ....... 26 
9 Population structure of Phrynosoma mcallii at Ocotillo Wells State 
Vehicular Recreation Area in 1999 and 2000 .......................................... 27 
10 Size structure of Phrynosoma mcallii at Ocotillo Wells State Vehicular 
Recreation Area in 1999 and 2000 .. . . . .. .. ........... .. .... .. . . . ............. .......... 29 
11 Effects of transmitters on growth of Phrynosoma mcallii in 1999 and 2000 
at Ocotillo Wells State Vehicular Recreation Area .. ... .... .. ............. ........ . .. 30 
12 Changes in mass of adult and yearling Phrynosoma meal/ii at Ocotillo 
Wells State Vehicular Recreation Area before, during, and after rainy 
periods in 1999 and 2000 .................... . .. . ...... . ... .. .... .................. .. ..... 31 
13 Plot of the log of total home range size on body condition of Phyrnosoma 
mcallii at Ocotillo Wells State Vehicular Recreation Area in 1999 and 2000 .... 34 
Vlll 
14 Plot of the log of total home range size on centered SVL of Phyrnosoma 
mcallii at Ocoti llo Wells State Vehicular Recreation Area in 1999 and 2000 . . .. 34 
15 Plot of center shift distances (m) between home ranges in 1999 and 
2000 on the mean of total home range size estimates (m2) derived from 
fixed kernel analyses in 1999 and 2000 of Phyrnosoma mcallii at 
Ocotillo Wells State Vehicular Recreation Area . ....... .. . . ... . . .. ........ . . . . . .. .. .. 38 
16 Within-year variation in center shift distances (m) of Phyrnosoma 
mcallii at Ocotillo Wells State Vehicular Recreation Area by sex 
and year in 1999 and 2000 . . ...... .. . ... .. .. .. .... . ....... ... . . . . . ..... ..... . . . .. . . . .. . .. 38 
17 Plot of cumulative overlap of core home ranges, derived from fixed kernel 
estimates, on cumulative overlap of total home ranges of Phyrnosoma mcallii 
at Ocotillo Wells State Vehicular Recreation Area in 1999 and 2000 . . .......... .40 
18 Plot of cumulative overlap of total home ranges, derived from fixed kernel 
estimates, on condition of Phyrnosoma mcallii at Ocotillo Wells State 
Vehicu lar Recreation Area in 1999 and 2000 ...... . ... . .. ..... . .. . . .. . ... . ... .. . . .. .. .41 
19 Variation in indices of proportion of total home range overlap of Phyrnosoma 
mcallii at Ocotillo Wells State Vehicular Recreation Area in 1999 and 2000 ... .42 
INTRODUCTION 
Much of the historical range of P. meal/ii has been severely altered by human 
activities. Consequently, the current range of P. mcallii is substantially reduced, and the 
species has been the focus of conservation concerns. Phrynosoma mcallii is afforded 
legal protection in Arizona, California, and Mexico. In 1993, P. mcallii was proposed for 
listing as a federally Threatened Species in the United States. In 1997, state and federal 
agencies created a Conservation Agreement to direct future conservation efforts targeting 
P. mcallii (Foreman, 1997). As a part of this agreement, the population of P. mcallii 
inhabiting Ocotillo Wells State Vehicular Recreation Area (OWSVRA) in southern 
California was designated a study population. 
Phrynosoma meal/ii, is a medium sized, terrestrial phrynosomatid lizard of the 
Colorado Desert in southeastern California, southwestern Arizona, and adjacent areas of 
Baja California Norte and Sonora, Mexico (Stebbins, 1985). Pianka and Parker (1975), 
Funk (1981), Miller ( 1999), and Young and Young (2000) summarized available 
literature concerning P. mcallii . 
Phrynosoma mcallii share a dorso-ventrally flattened morphology, procryptic 
defensive behavior, and myrrnecophagous diet with other species in the genus 
Phrynosoma (Pianka and Parker, 1975). These traits, along with relatively slow sprint 
speeds (Bonine and Garland, 1999), distinguish Phrynosoma from more generalist 
phrynosomatid lizard genera (e.g., Sceloporus, Urosaurus, Uta). Within the genus 
Phrynosoma, P. mcallii is a relatively recent, highly derived species (Reeder and 
Montanucci , 2001). Phrynosoma mcallii also marks ecological extremes as the most 
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myrmecophagous Phrynosoma species (Pianka and Parker, 1975), and due heavy use of 
procryptic anti-predator behavior (Wone and Beauchamp, 1995). 
Phrynosoma meallii occurs in low elevation areas characterized by extremely hot, 
dry conditions (Funk, 1981 ). Typical P. meallii habitat includes sandy flats sparsely 
vegetated with creosote (Larrea tridentata), white bursage (Ambrosia dumosa), and big 
galleta (Pleuraphis rigida) (Turner and Medica, 1982; Rorabaugh et al., 1987). Less 
typical inhabited areas include aeolian sand drifts, gravel flats, and mudhills (Beauchamp 
et al., 1998). 
Although relatively little information on the natural history and ecology of P. 
meallii is available, studies at two sites in southern California and Arizona have 
investigated aspects of P. meallii demography and home range use (summarized in Muth 
and Fisher, 1992; Miller, 1999; Young and Young, 2000). These sites are flat, sandy or 
relatively sandy, and relatively heavily vegetated, thus fitting descriptions of typical P. 
meal/ii habitat (Muth and Fisher, 1992; Young and Young, 2000). In contrast, the 
topographically complex, sparsely vegetated mudhills at OWSVRA have been described 
as atypical habitat (Beauchamp et al., 1998). Comparisons between animals inhabiting 
these different landscapes illuminate the range of behavioral and physiological responses 
exhibited by P. meal/ii. 
Phrynosoma meallii has a smaller mean clutch size than most Phrynosoma 
(Howard, 1974; Pianka and Parker, 1975), but is capable of producing multiple clutches 
during years with abundant resources (Muth and Fisher, 1992; Young and Young, 2000). 
Previous studies indicate that P. meallii populations can exhibit dramatic annual 
fluctuations in density (Young and Young, 2000). Evidence also suggests that annual 
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variation in density and resource availability may affect predation rates, reproductive 
rates, and population structure (Young and Young, 2000). Populations occurring in less 
productive landscapes at OWSVRA provide an opportunity to further examine plasticity 
of P. mcallii demography. Replacing older notions of P. mcallii demography based on 
limited data ( e.g., Pianka and Parker, 1975) with a more complete understanding based 
on studies in varied habitats, and during different annual conditions is a crucial step in 
outlining workable conservation strategies for this species. 
Studies of area use by Ph,y nosoma have not resolved which factors affect site 
fidelity or home range stability of these li zards . Some explorations of range stability 
have suggested that Phrynosoma maintain less stable ranges than do many lizards 
(Tanner and Krogh, 1973; Guyer, 1991 ; Fair and Henke, 1999). However other studies 
have indicated that Phrynosoma use stable, constrained areas (Lowe, 1954; Parker, 1971 ; 
Baharav, 1975 ; Munger, 1984). Studies of P. mcallii have described relatively unstable 
use of ranges (Miller, 1999; Young and Young, 2000). Researchers have suggested prey 
distribution (Baharav, 197 5; Fair and Henke, 1999), and phylogenetic influence (Guyer, 
1991) may determine stability of ranges in Phrynosoma. Comparisons of P. mcallii area 
use in landscapes with differently distributed prey resources, combined with patterns of 
intraspecific and interspecific Phrynosoma range stability provide an opportunity to 
assess how various factors influence area use. 
Lizards have been used as a model system for home range studies (Perry and 
Garland, 2002), and numerous studies have investigated patterns of home range use in 
lizard taxa (reviewed in Turner et al., 1969; Rose, 1982; Stamps, 1983; Christian and 
Waldschmidt, 1984; Perry and Garland, 2002; Stone and Baird, 2002). These studies 
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have revealed widespread patterns of area use in phrynosomatid lizards. Chief among 
these patterns are the maintenance of larger ranges by male lizards, increases in range 
size during breeding seasons, and disproportionately high range overlap of male and 
female lizards (Rose, 1982; Stamps, 1983; Smith, 1995). Theories concerning the 
relationship of lizard range size to mass or energetic requirements have been more 
controversial. Studies have variously found a relationship between mass and range size 
( e.g., Turner et al., 1969; Schoener, 1971; Perry and Garland, 2002), or observed little 
pattern (e.g., Jones and Droge, 1980; Rose, 1982; Christian and Waldschmidt, 1984; 
Warrick et al. , 1998). As a highly derived, ecologically extreme phrynosomatid lizard, 
Phrynosoma meal/ii provides an interesting vehicle to explore theories regarding lizard 
home ranges largely derived from more typical phrynosomatid species (i .e., Rose, 1982; 
Stamps, 1983; Christian and Waldschmidt, 1984; Smith, 1995; Perry and Garland, 2002) . 
Phrynosoma are considered to lack the complex social displays of other 
phrynosomatid lizards (Lynn, 1965; but see Tollestrup, 1981). This has been interpreted 
as evidence of a lack of territoriality (Lynn, 1965). However, Phrynosoma are dependent 
on procryptic defense strategies (Pianka and Parker, 1975), making it difficult to observe 
many natural behaviors. Social structure can also be inferred from patterns of home 
range overlap (e.g., Stamps, 1983). Patterns of home range overlap observed in P. 
mcallii suggest some level of territorial behavior (Mi Iler, 1999; Young and Young, 
2000). These patterns suggest the intriguing possibility that P. mcallii populations 
exhibit a more sophisticated social structure than is currently thought. Patterns of shared 
and exclusive area use derived from a variety of habitats help inform theories on the 
social structure of P. mcallii populations. 
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Recent studies have revealed a great deal about the demographic structure and 
area use characteristics of P. mcallii (Muth and Fisher, 1992; Miller, 1999; Young and 
Young, 2000). This body of knowledge provides a framework for this study to examine 
variability in demography and area use between populations. Differences between 
populations inhabiting distinct landscapes provide a starting point for speculation 
concerning mechanisms underlying such variation. Likewise, it is useful to consider 
characteristics of P. mcallii area use and demography within a phylogenetic context. P. 
mcallii inhabits a unique and harsh landscape, and displays highly derived morphological 
and ecological traits. Accordingly, evaluating area use and demographic characters of P. 
mcallii within a phylogenetic framework sheds some light on the plasticity of these traits . 
This study explores the demography and home range characteristics of a 
population of the Phrynosoma mcallii inhabiting atypical habitat. The objectives of this 
study are to : 1) detern1ine the intrapopulational variation in demography and home range 
characters of a population of P. mcallii exposed to low resource availability; 2) explore 
interpopulational variation in demography and home range characters of P. mcallii by 
comparing results from this study to data from other populations of P. meal/ii inhabiting 
more typical habitat during periods of both high and low resource availability; 3) discuss 
how home range characters of P. mcallii illuminate general patterns of area use largely 
derived from other phrynosomatid lizards. 
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METHODS 
Study Site and Period 
I studied a population of P. mcallii at a site (Mudhill : UTM NAD 1983, 11 S 
587700 3672700) located within the mudhills complex on OWSVRA in the Colorado 
Desert of Southern California (Fig. 1). Ocotillo Wells SVRA is managed by the 
California State Department of Parks and Recreation for off-highway vehicle (OHV) use. 
Hendrickson (1983) described the vegetative community at my research site as a desert 
sunflower barren, and Beauchamp et al. (1998) considered this site to be atypical habitat 
for P. mcallii. Mudhill is bisected by a heavily trafficked OHV trail. However, 
comparatively little off-trail traffic impacts the site (pers. obs.). 
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Fig. 1- Map of Ocotillo Wells State Vehicular Recreation Area in San Diego and 
Imperial Counties, California, showing the location of the Mudhill study site. 
Mudhill is distinguished by relatively rugged topography (Fig. 2). Extensive 
areas of loose and moderately compacted silt, as well as silt compacted into concretions 
occur throughout the site. Silt concretions typically are exposed along roughly east-west 
trending ridges, and are the most abundant rock formations. However, small deposits of 
gypsum, petrified material, granite and other rock are also exposed. Sand deposits occur 
as small, scattered patches ofrelatively shallow aeolian sand. Deeper, more extensive 
sand drifts are sporadic along ridge bases and in washes. Vegetation is sparse (Fig. 3), 
and limited to few species. Annual species include various grasses, desert sunflower 
(Geraea canescens), desert trumpet (Eriogonum inflatum), and Russian thistle (Salsola 
spp.). Perennials such as creosote (Larrea tridentata), saltbrush (Atriplex spp.), white 
bursage (Ambrosia dumosa) and big galleta (Pleuraphis rigida) are present, but widely 
scattered. Vegetation is concentrated along numerous minor washes that dissect the site. 
High summer temperatures and infrequent precipitation characterize the climate 
of OWSVRA. Summer temperatures range from 48°C to 20°C. Winter temperatures 
average 20°C to 0°C. Most precipitation falls during winter, but monsoon related 
summer precipitation can be substantial. Annual precipitation averages 87 mm. 
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I conducted field work from 13 May- 7 August 1999 and 4 June- 26 October 2000. 
Precipitation ( determined as the mean of precipitation measured at two weather stations 
approximately 2 and 5 km to the west of Mudhill) was below nonnal in 1999 (70 mm) 
and 2000 ( 42 mm). Much of the annual total in both years fell during summer months. 
Although precise precipitation totals from OWSVRA are not available from before 1999, 
OWSVRA enjoyed substantially greater than normal precipitation during the winter of 
1997- 1998, and the spring of 1998 (park staff, pers. comm.). 
Fig. 2- Topography at Mudhill on the Ocotillo Wells State Vehicular Recreation Area. 




I captured most P. mcallii by walking along, or adjacent to, ridges and scanning 
for lizards basking atop silt concretions (Fig. 4). This technique was most effective from 
early to mid morning, but I also captured several lizards late in the morning when 
temperatures were high enough to drive most lizards into shade or burrows. I found 
lizards while engaged in other activities ( e.g., walking between locations of lizards 
canying transmitters), and thus did not record search effort. Additional animals were 
captured: in association with lizards carrying transmitters; due to random encounters; by 
tracking lizards when fresh tracks were noted; and while driving. I also hatched a single 
neonate from an egg deposited by a female carrying a radio transmitter. 
Fig. 4--Phrynosoma mcallii perched atop silt concretion at Mudhill on the Ocotillo 
Wells State Vehicular Recreation Area. 
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I recorded the mass of each newly captured individual to the nearest 0.01 g on 
an electronic balance (OHAUS model CT200). I measured snout- vent length (SVL) of 
all new individuals to the nearest 0.1 mm with a 150 mm dial caliper (SPI 2000). I 
marked new lizards by injecting a 0.15 g transponder (PIT tag) into the peritoneal cavity. 
I closed puncture wounds resulting from PIT tag insertion using Superglue®. I 
additionally marked most lizards by clipping one to four (typically two) toes from the 
hind feet. I observed no mortality, infection, or impaired locomotion resulting from these 
invasive procedures. 
I outfitted most adult lizards with a ~ 1.65 g Holohil radio transmitter (Fig. 5). I 
attached smaller(~ 0.52 g) Holohil transmitters to some smaller lizards. I affixed 
transmitters lengthwise to the center of a lizard's back using silicone adhesive (GE 
Silicone II). The addition of silicone adhesive added 0.1 - 0.2 g to the weight of radio 
transmitters. I housed newly captured lizards overnight in a 5-gallon bucket furnished 
with approximately 5 cm of sand before releasing them at their point of capture the 
morning following capture. All lizards recaptured during the course of the study were 
weighed, measured, and housed overnight before being released. 
I used a Telonics TR2 receiver and handheld Yagi two-element antenna to 
relocate radio transmitters . I attempted to relocate all transmittered lizards daily 
throughout most of each field season. I relocated almost all lizards exclusively in the 
mornings. Most relocations occurred during periods of lizard activity; however, many 
lizards were also occasionally relocated prior to initiating morning movement, or after 
seeking refuge from mid-day heat in burrows. In order to minimize autocorrelation of 
relocation positions, I did not use more than a single relocation per day in any analyses . I 
Fig. 5- Phrynosoma mcallii carrying ~ 1.65 g radio transmitter at Mudhill on the 
Ocotillo Wells State Vehicular Recreation Area. 
marked all initial capture points and relocations with pin flags . After accumulating 
approximately 200 capture locations and relocations, (generally every ten days to two 
weeks), I logged these positions with a real-time differential correction (accurate to 





I calculated daily mortality rates by dividing the number of lizards that died while 
carrying transmitters by the total number of days lizards carried transmitters. Daily 
survivorship rates were calculated by subtracting daily mortality rates from one. 
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Monthly, yearly, and adjusted yearly survivorship rates were calculated by raising 
daily survivorship rates by powers of 30 (monthly), 365 (yearly), and 276 (adjusted). 
The accuracy of calculated long-term survivorship rates is dependent upon the 
assumption that mortality rates do not differ by season; this assumption is likely not 
valid. Muth and Fisher (1992) presented data suggesting that mortality is low during the 
dormant period. I calculated an adjusted yearly mortality rate to account for this by 
subtracting the mean number of days dormant (Muth and Fisher, 1992) from 365. 
Likewise, calculated monthly survivorship rates only describe mortality during the period 
lizards carried transmitters (May- October) . Deaths resulting from research-related 
activities were not included in mortality rate calculations. I determined probable cause of 
death from the pattern of wounds, position of dead lizards, tooth marks on attached 
transmitters, and the presence of tracks near dead lizards . 
Density Estimates 
In both 1999 and 2000, I determined the area surveyed by drawing a minimum 
convex polygon around the positions of all P. mcallii captured during that year. All areas 
inside this polygon were regularly inspected for new lizards. However, I surveyed some 
areas more frequently and intensively than others . Because few lizards outfitted with 
transmitters moved extensively in either year, I consider all captures to represent resident 
lizards. I divided the number of new lizards captured by the area searched to generate a 
density estimate. Not all resident lizards were captured, thus I underestimate actual 
densities in each year. 
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Reproduction 
I palpated all females when first encountered to detect egg masses. Females 
outfitted with radio transmitters were also palpated periodically thereafter. Individual, 
smooth masses felt within the abdomen were each counted as a single egg. Egg masses 
can be distinguished from fecal masses by a smooth texture. Fecal masses feel grainy 
due to the presence of ant remains. Egg masses are also usually larger (Fig. 6). Because 
not all eggs are easy to feel in gravid females , the number of egg masses detected likely 
underestimates the true number of eggs carried (T. Gardner, unpublished data) . 
Population Structure 
I determined the sex of each lizard by checking for the presence of enlarged post-
anal scales. I placed li zards into one of three age classes based upon a mixture of 
objective and subjective criteria. I considered all lizards smaller than 64 mm to have 
been born during the previous year (i.e., yearlings), all lizards longer than 68 mm were 
considered older than one year (i .e., adults). Individuals between 64- 68 mm were 
considered to be of unknown age, however I classified some lizards in this size range as 
adults or yearlings based upon a gestalt of subjective criteria including head, horn, foot , 
and toe sizes. This system of age classification is situation dependent and conservative 
with respect to yearling classification. These criteria were suitable to classify most 
animals found in 1999 and 2000. However, in years with more abundant resources, 
yearlings would grow more quickly, and would not be distinguishable from older animals 
based upon SVL or mass . In 1999 and 2000, li zards born more than one year previously 
could be expected to exceed 64 mm in SVL. Errors in classifications resulting from 
Fig. 6- Phrynosoma meal/ii (W*82) with visible egg bulges on 2 September 2000 at 
Mudhill on the Ocotillo Wells State Vehicular Recreation Area. 
yearling animals classified as adults were likely more common. I grouped lizards of 
unknown age with yearlings for statistical tests of size, weight, condition, and growth 
rate. 
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I only used size and mass data from the first capture event of any lizard. I used a 
simple index (log-mass regressed on SVL; reviewed in Weatherhead and Brown, 1996) 
to examine condition of lizards. For the purpose of this study, I define any change in 
SVL or mass as "growth." Most lizards I measured were adults, or yearlings of nearly 
adult size. Thus, I had little opportunity to examine growth of young lizards to adult size. 
I opportunistically collected growth data from lizards whenever marked animals were 
recaptured. I also gathered some growth data from lizards carrying transmitters. Some 
lizards are represented by growth data from multiple periods. Although I treated each 
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period between measurements as an independent data point, I recommend data on 
growth be considered with some caution due to pseudoreplication. I added values of l or 
3 to condition indices and growth rates to remove negative values for statistical tests. To 
achieve normality, and when possible, equal variance, I log-transformed adult masses. I 
also transformed growth rates using cube (1999 adult SVL), inverse (2000 yearling 
mass), inverse square (yearling SVL ), and square (adult mass and SVL, 1999 adult SVL) 
transformations. 
Home Range Characteristics 
Size 
[ calculated month-long, and year-long home ranges for most lizards (year-long 
ranges: 1999 N = 53, 2000 N = 51) outfitted with transmitters during 1999 and 2000. 
Lizards with fewer than five relocations in any given month were excluded from 
analyses, as were lizards with fewer than ten relocations in a year. Three gravid females 
moved large distances prior to egg deposition. Relocations associated with these large 
distance movements were excluded from home range analyses as they greatly inflated 
home range size estimates. 
I calculated four different estimates of home range size with Ranges V software 
(Kenward and Hodder, 1996). I selected the minimum convex polygon method (MCP) 
because it has been widely used in past studies, allowing comparisons between studies. 
The number of relocations greatly affects MCP estimates of size (Gautestad and 
Mysterud, 1993). Jennrich and Turner (1969) developed a correction factor to adjust 
MCP estimates for sample size bias. I applied this correction factor to generate adjusted 
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MCP estimates. Seaman and Powell (1996) evaluated home range size estimators and 
indicated that kernel estimators are among the most accurate. I used a fixed kernel with 
least-squares cross validation method to estimate 95% (total home range), and 50% (core 
home range) utilization distributions. 
Fixed kernel home range estimates are less sensitive to sample size than are other 
methods (Seaman et al., 1999). However, more than 30 relocations are recommended to 
ensure accurate estimates. I relocated most lizards fewer than 30 times during a year 
(mean = 22.8). Kernel home range size estimates from these lizards, as well as all 
month-long home range size estimates, may overestimate area used during these periods. 
Conversely, MCP home range estimates derived from few relocations may underestimate 
area used. Application of Jennrich and Turner's (1969) correction factor to MCP range 
estimates results in an overestimation of home range size for some lizard species (Rose, 
1982). Use of this correction factor greatly inflates estimates of P. meal/ii home range 
size at Mudhill. 
I consider home range estimates derived from fixed kernel analyses to be the most 
accurate estimators of home range in P. mcallii, and used these data for statistical tests of 
home range characters. I evaluated the influence of SVL, body condition, and sex on 
year-long total and core home range size estimates using analysis of variance (ANOVA). 
I centered values of SVL by subtracting the mean from each value (Aiken and West, 
1991 ). I created a body condition index by regressing log-transformed mass on SVL. I 
used residuals of this regression as a condition index. I also evaluated the influence of 
year, and number of relocations on year-long home range size using ANOV A. I 
discarded these explanatory variables from the final model because they explained very 
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little home range size variation. I evaluated the influence of month and sex on month-
long estimates using ANOV A. Month-long home ranges for 1999 and 2000 were 
evaluated as separate data sets. Home range size estimates were transformed when 
necessary to achieve normality and, when possible, homogenous variance. Year-long 
total and 2000 month-long home range sizes were log-transformed, year-long core home 
range sizes were raised to a power of 0.2, and all other month-long home range sizes 
were raised to a power of 0.3. 
Fidelity 
I used two metrics to detern1ine shifts in areas used by P. mcallii over time. I 
estimated the center of each lizard's home range using a Gaussian kernel estimator to 
detern1ine the center of activity for each lizard (Ken ward and Hodder, 1996). I calculated 
distance between range centers from ranges measured during different time periods. 
I also calculated a simple measure of overlap (Mace and Waller, 1997) to estimate 
the degree to which a lizard utilized the same area during different times. I calculated the 
proportion ( a) of a home range over Period A that was overlapped by the same animal's 
home range over Period B, and the proportion (b) of a home range over Period B that was 
overlapped by the home range calculated from Period A. These proportions were 
combined into a measure of overlap using the formula: (a*b )0 5. I calculated this 
measure of overlap for home range estimates derived from minimum convex polygon, 
95% area fixed kernel, and 50% fixed kernel analyses. All proportions of overlap were 
calculated using Ranges V (Kenward and Hodder, 1996). Overlap values vary in 
response to both the size and distance shifted of overlapping home ranges. For this 
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reason, center shift distance is a better measure of home range fidelity when home 
range size varies over time (Bull and Freake, 1999). Home range size estimates of 
individual lizards at Mudhill calculated from different periods often differed 
dramatically. I consider the shift in the center of the home range to be the best measure 
of home range fidelity in P. mcallii at Mudhill. 
All metrics were calculated for month-long home ranges to examine home range 
fidelity within a single year. I also calculated these metrics for year-long home ranges 
measured in 1999 and 2000, to investigate fidelity between two years. I used overlap 
data derived from fixed kernel estimators for statistical tests of home range fidelity. I 
examined these data with ANOV A to determine the influence of sex on between-year 
range fidelity. I also used ANOV A to determine how sex, and number of months 
between measurement periods contribute to variation in within-year home range fidelity. 
Month-long ranges for 1999 and 2000 were evaluated as separate data sets. Home range 
fidelity metrics were transformed when necessary. Year-long and 1999 month-long 
center shift distances were log-transformed and 2000 month-long center shift distances 
were square-root transformed. All indices of overlap were transformed to remove zero 
values by adding 0.001. Core overlap indices were additionally log-transformed to 
achieve nom1ality and homogenous variance. 
Overlap 
I did not catch all resident lizards within study plots, nor did I place transmitters 
on all lizards captured. Ranges of lizards not carrying transmitters may have 
substantially overlapped transmittered lizards without my knowledge. Thus, calculated 
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overlap may underestimate true overlap. Conversely, lizards sharing portions of their 
home ranges may have used those portions at different times. To the extent this occurred, 
calculated overlap overestimates the degree of simultaneous area use. 
I calculated a variety of measures of home range overlap to explore the extent to 
which P. mcallii maintains exclusive areas of use. I calculated the proportion of each 
lizard's home range that was overlapped by the home range of lizards of the same sex, 
and by lizards of the opposite sex. Because these are cumulative measures of overlap, the 
proportion overlapped can exceed values of one. Cumulative overlaps were calculated 
using home range estimates generated by MCP and fixed kernel methods. I examined 
cumulative overlap proportions of both total (95% utilization distribution) and core (50% 
utilization distribution) fixed kernel home range estimates. Cumulative overlaps were 
calculated for year-long and month-long home range estimates. I used home range 
estimates derived from fixed kernel analyses for statistical tests of cumulative overlap . 
All home range overlap proportions were calculated using Ranges V. 
I evaluated variation in cumulative year-long home range overlap by sex, body 
condition, and sex of overlapping lizard(s) using ANOV A. I discarded year, home range 
size, and number of relocations from the final model because these variables explained 
little variation. I evaluated variation in month-long cumulative home range overlap by 
month, sex , and sex of the overlapping lizard(s) using ANOVA. Month-long cumulative 
overlaps from 1999 and 2000 were evaluated as separate data sets. Cumulative overlaps 
were transformed when necessary to remove zero values (by adding 0.001 to all values), 
to achieve normality, and, when possible, homogenous variance. Month-long total home 
range cumulative overlaps in 1999 and 2000 were log transformed. All other cumulative 
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overlaps were raised to optimal powers (0.2 = year-long total, - 0.1 = year-long core, 
- 0.3 = 1999 month-long core, and - 0.5 = 2000 month-long core). 
I also calculated pairwise measures of overlap. Using year-long and month-long 
home range estimates derived from MCP and fixed kernel methods, I used a simple 
measure of overlap to estimate overlap (Mace and Waller, 1997): (a* b)05 (where a 
represents the proportion of Lizard A's home range overlapped by Lizard Band b 
represents the proportion of Lizard B's home range overlapped by Lizard A). I also 
calculated a simplified version of Ostfeld's (1986) overlap index to produce a single 
metric that describes the degree of overlap between a pair of lizards: 
0.8 ([a 50% kern * b 50% kern] 05) + 0.2 ([a 95% kern * b 95% kern]°-5) 
(where a 50% kern represents the proportion of Lizard A's core home range overlapped 
by Lizard B's core home range, and a 95% kern represents the proportion of Lizard A's 
total home range overlapped by Lizard B's total home range) This index weighs overlap 
of core areas more heavily than overlap of peripheral areas. 
I used home ranges derived from fixed kernel estimators for statistical tests of 
pairwise home range overlap. The combined measure of overlap represents overlap in 
both total and core home range, and I used this measure in statistical tests of pairwise 
overlap. I evaluated sources of variation in pairwise overlap by sexes of the pair, and 
year or month using ANOV A. Month-long pairwise overlaps for 1999 and 2000 were 
evaluated as separate data sets. Pairwise overlaps were log-transformed to achieve 




In 1999, five of 60 lizards outfitted with transmitters died, three of these deaths 
were due to natural causes. In 2000, nine of 58 lizards outfitted with transmitters died, 
five of these deaths were due to natural causes. Daily mortality rates (Table 1) were 
similar in each year, and did not consistently differ according to sex . I was not able to 
affix transmitters to a sufficient number of yearlings to investigate differences in adult 
and yearling mortality rates . Predators caused most mortality (Table 2) . 
Table I- Daily mortality rates of Phrynosoma mcallii at OWSVRA in 1999 and 2000. 
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total male female total male female 
1999 1999 1999 2000 2000 2000 
number of natural deaths 3 2 l 5 2 3 
number of lizards 60 34 26 58 29 29 
number of transmitter days 1708 932 776 2636 1337 1299 
daily mortality rate 0.00176 0.002 15 0.00129 0.00190 0.00 150 0.00231 
daily survivorship rate 0.99824 0.99785 0.99871 0.99810 0.99850 0.99769 
monthly survivorship rate 0.94863 0.93759 0.96205 0.94463 0.95608 0.93299 
yearly survivorship rate 0.52642 0.45653 0.62459 0.50008 0.5 7903 0.43002 
adj. yearly survivorship rate 0.61497 0.55209 0.70028 0.59162 0.66080 0.52819 
Table 2- Sources of mortality among Phrynosoma mcallii at OWSVRA in 1999 and 
2000. 
e!!!! deposition rodent kit fox shrike unknown 
1999 0 l l 0 l 
2000 l l 2 1 0 
total l 2 3 1 l 
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Density Estimates 
In 1999, I captured 93 individual lizards in an area of 80 hectares for a minimum 
density of 1.16 lizards/ha. In 2000, I captured 89 individual lizards in an area of 85 
hectares, for a minimum density of 1.05 lizards/ha. Although the rate of capture of new 
lizards declined during the course of both seasons, I continued to encounter new lizards 
throughout both seasons, indicating that I did not encounter all resident lizards on the 
study site in either year. In 2000, the ratio of recaptures to new captures was higher, and 
fewer new lizards were encountered late in the season than in 1999. This indicates that I 
encountered a higher percentage of the resident lizards in 2000 than in 1999. Although 
these density estimates should be approached with caution, I believe that that the P. 
mcallii population at Mudhill was slightly less dense in 2000 than in 1999. The 
difference between the actual densities was likely greater than the difference in measured 
minimum densities. 
Reproduction 
On 27 July and 29 July 1999, I observed copulations between two different pairs 
of lizards (Fig. 7). I also noted several sexual pairs of P. mcallii in close proximity 
during this time period(~ 15 July- 3 August 1999). Both adults and yearling animals 
were observed participating in interactions with members of the opposite sex, and I 
suspect that many females born the previous year reproduced in 1999. I did not detect 
eggs in any females prior to the end of the field season on 7 August nor were neonate 
lizards found in 1999. 
Fig. 7- Copulating Phrynosoma mcallii on 27 July 1999 at Mudhill on the Ocotillo 
Wells State Vehicular Recreation Area. 
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Based upon the number of male and female li zards observed in close association, 
I suspect that breeding occurred slightly later in 2000 than in 1999. No copulations were 
observed in 2000, however a male lizard was observed courting a female on 9 August. 
No females found previous to 3 August were determined to be gravid, and no new gravid 
females were found after 23 August. During this period, 15 of 33 ( 45%) females 
examined were carrying eggs. This likely underestimates the percentage of females that 
reproduced, because some females may have deposited eggs prior to examination ( e.g., 
W913; see Table 3), or developed noticeable egg masses after examination. Four gravid 
females carried transmitters up until the time of egg deposition. Two of these females 
died, apparently while attempting to lay eggs. I considered one of these females to have 
died of natural causes, and another to have been impacted by research activities. The first 
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of these females appears to have attempted to deposit eggs on 20 August. The second 
died while attempting to deposit eggs on 28 August. The two surviving females 
deposited eggs on 4 September, and at some point between 5- 13 September (likely 5- 8 
September based on behavior) . I dug a single clutch of eggs out of a burrow on 15 
September (egg deposition occurred on 4 September) and incubated the eggs in captivity. 
I recovered three fertile eggs from approximately 14 cm beneath the surface. The 
surrounding substrate at that depth was noticeably moist, in appearance, and to the touch. 
The temperature at 14 cm beneath the surface was 34.3°C at 9:21 AM. The air 
temperature at this time was 38.9°C. These eggs were incubated in captivity at 
temperatures lower than 34.3°C (variable, but generally between 23 .8°C and 32.2°C). I 
damaged two eggs during handling and these did not hatch. A neonate emerged from the 
remaining egg on 25 October. I found just one neonate during 1999 and 2000, on 15 
October 2000. 
Greater proportions of older females carried eggs (Table 3). Females carrying 
eggs were longer and heavier than those not carrying eggs (Fig. 8). Females weighed 
before and after laying eggs, showed considerable reductions in weight following egg 
deposition (Table 4). Females carried an average of 3.27 eggs (Table 5). 
Table 3- Changes in mass of gravid female Phrynosoma mcallii following egg 
deposition at OWSVRA in 2000. 
lizard ID number initial post change in initial post 
of eggs weight (g) deposition weight (g) date deposition 
palpated weight (g) date 
W*S6 3 11.73 9.29 2.44 8/9/00 9/17/00 
W*82 5 18.13 11.75 6.38 8/23/00 9/5/00 







Table 4-Age structure of reproductive and non-reproductive female Phrynosoma 
mcallii at OWSVRA in 2000. 
e22s present no e22s present 
yearlin2s 2 7 
a!!:e unknown 3 l 
adults 10 10 
Table 5- Size and minimum clutch sizes of gravid female Phrynosoma mcallii at 
OWSVRA in 2000. 
lizard ID date age class weight (g) SVL (mm) number of 
examined e22s 
W*06 8/ 18/00 adult 18 .58 74 .5 5 
W*17 8/30/00 unknown -------------- -------------- 3 
W*22 8/9/00 adult 13.34 71.5 3 
W*23 8/ 18/00 yearling 12.30 65.8 4 
W*48 8/3/00 adult 13.72 68.7 3 
W*52 8/4/00 adult 13 .52 70.3 2 
W*54 8/8/00 unknown 13.40 64.8 4 
W*SS 8/9/00 adult 14.09 69.0 4 
W*56 8/9/00 unknov.rn l l.73 65.3 3 
W*69 8/ 17/00 adult 14.28 70.4 3 
W*74 8/ 18/00 adult 18.69 74.1 2 
W*76 8/20/00 yearling 12.41 64.7 2 
W*82 8/23/00 adult 18.13 77 .3 5 
W927 8/ 10/00 adult -------------- -------------- 3 
W972 8/7/00 adult 16.48 74.9 3 
mean 14.67 70 .1 3.27 
Population Structure 
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I captured more males than females in both years. In 1999, the sex ratio 
significantly deviated from an expected l : l ratio (Table 6). This deviation likely results 
from different capture probabilities rather than an unbalanced population. The ratio of 
yearlings to adults remained remarkably stable during the years of this study (Fig. 9). In 
both years, adults comprised 60% (56/94, 54/90), and yearlings comprised 27% (25/94, 
24/90) of captured lizards. The ratio of yearlings to adults in the population was likely 
greater than suggested by this data. Some captured yearlings were likely classed as 
unknowns or adults. Additionally, adults were likely overrepresented in my captures. 
Adults are larger and thus more visible. Adults also more frequently occupied visible 
microhabitats (unpublished data) . 
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Fig. 8- Size of reproductive and non-reproductive females at Ocotillo Wells State 
Vehicular Recreation Area in 2000. 
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Table 6- Sex ratio of Phrynosoma mcallii captured at OWSVRA in 1999 and 2000. I 
used chi-square goodness of fit tests to examine deviation from an expected 1: l ratio in 
each year. 
1999 males 1999 females p-value 2000 males 2000 females p-value 
all lizards 57 37 0.0391 51 39 0.2059 
adults 38 18 33 21 
unknown 8 5 6 4 
yearlin2.s 11 14 11 13 
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Fig. 9- Population structure of Phrynosoma mcallii at Ocotillo Wells State Vehicular 
Recreation Area in 1999 and 2000. 
Both adult and yearling lizards were lighter and in poorer condition in 2000 than 
in 1999 (Table 7). No differences were detected between sexes in 1999 (Table 8). 
Yearling females had a higher condition index score than did yearling males in 2000 
(Table 8). Differences in condition were less significant among adults (Table 8). 
Differences in size structure between years were more pronounced amongst larger 
lizards, but there was substantial overlap in all size classes (Fig. 10). 
Adult females lost more weight between 1999 and 2000 than did adult males 
(Table 9). Other growth rates did not differ by year or sex . Some animals carrying 
transmitters showed decreased growth compared to animals not carrying transmitters 
(Fig. 11). Thus, transmitter burdens may have impacted P. mcallii during the relatively 
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poor conditions of 1999 and 2000. Weight changes measured in periods before, after, 
and spanning summer rainfall events in both years greatly overlapped, and showed 
considerable variation. However, with the exception of yearlings in 2000, lizards more 
consistently gained weight during rainy periods (Fig. 12). 
Table 7- Comparisons between Phrynosoma mcallii at OWSVRA in 1999 (N = 56 adult, 
38 yearling) and in 2000 (N = 54 adult, 34 yearling). Values are mean and (standard 
deviation). Comparisons from two-sample, two-tailed t-tests. Transformations of data 
were performed to remove negative values (condition indices), and to achieve normality 
(adult weight). 
1999 adult 2000 adult p-value 1999 yearling 2000 yearling p-value 
weight 14.56 (2.30) 12.89 (1.98) 0.0000 9.62 (1.74) 8.58 (2.30) 0.0336 
( 1!:) 
SVL 71 .55 (2.66) 70.81 (3 .16) 0.1858 61.87 ( 4.02) 60.34 (5 .1 9) 0.1641 
(mm) 
condition 0.0197 - 0 .0192 0.0002 0.0133 - 0.0168 0.0138 
(0.0557) (0.0508) (0.0466) (0.0546) 
Table 8- Comparisons between male (1999 N = 38 adult, 19 yearling; 2000 N = 33 
adult, 17 yearling) and female ( 1999 N = 18 adult, 19 yearling; 2000 N = 21 adult, 17 
yearling) Phrynosoma mcallii at OWSVRA in 1999 and 2000. Values are mean and 
(standard deviation) . Comparisons from two-sample, two-tailed t-tests. Transformations 
of data were perfom1ed to remove negative values (condition indices, both years), and to 
achieve normality (adult weight, 2000). Tests of 1999 adult weight were adjusted for 
unequal variance. 
adult male adult female p- yearling male yearling p-
value female value 
1999 weight 14.16(1.71) 15.41 (3 .10) 0.1243 10.00 (1.79) 9.24 (1.65) 0.1846 
(g) 
1999 SVL 71.18 (2.45) 72.34 (2.99) 0.1279 62.45 (3.49) 61.30 (4.51) 0.3859 
(mm) 
1999 0.0265 0.0165 0.5335 0.0201 0.0065 0.3767 
condition (0 .0708) (0.0477) (0.0500) (0 .0432) 
2000 weight 12.54 ( 1.68) 13.44 (2 .30) 0.1276 8.46 (2.17) 8.71 (2.48) 0.7633 
( 1!:) 
2000 SVL 70 .79 (2.75) 70.86 (3 .79) 0.9302 61.08 (5.14) 59.61 (5.29) 0.4192 
(mm) 
2000 - 0.0296 - 0.0030 0.0606 - 0.0353 0.00 17 0.0463 
condition (0.0520) (0 .0453) (0.0451) (0.0581) 
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Size structure of Phrynosoma mcallii in 1999 and 2000 
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Fig. 10- Size structure of Phrynosoma mcallii at Ocotillo Wells State Vehicular 
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Fig. I I- Effects of transmitters on growth of Phrynosoma mcallii in 1999 and 2000 at 
Ocotillo Wells State Vehicular Recreation Area. 
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adult mass changes before/after rains 
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Fig. 12- Changes in mass of adult and yearling Phrynosoma mcalf ii at Ocotillo Wells 
State Vehicular Recreation Area before, during, and after rainy periods in 1999 and 2000. 
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Table 9- Between- and within-year daily rates of change in mass (g/day) and SVL 
(nun/day) of Phrynosoma mcallii at OWSVRA in 1999 and 2000. Sample sizes of 
between year comparisons represent the number of individual lizards in each category. 
Sample sizes of within year comparisons represent the number of time spans from which 
growth rates were calculated. Some lizards were measured during several time spans. P-
values from two sample, two-tailed t-tests compare differences between sexes in each 
year (and over the between year time span), and between lizards followed during 
different years. Growth rates were transformed to remove negative values for statistical 
comparisons. Some data were transformed to achieve normality. Some tests (adult mass 
and SVL by year) were adjusted for unequal variance. 
between year p 1999 p 2000 p p 
male female of sex male female of sex male female of sex of year 
adult mean SVL 0.002 0.001 0.79 1 -0.052 0.036 0.571 0.010 0.0 13 0.985 0.632 
adult s.d. SVL 0.007 0.005 0.414 0 !28 0.072 0.035 
adult N !3 3 29 8 39 16 
yearling mean 0.012 0.012 0.900 0.220 0.116 0.507 0.072 0.055 0.683 0.127 
SVL 
yea rling s.d. SVL 0.006 0.01 1 0366 0.176 0.134 0.068 
yearling N 5 6 11 17 25 I! 
adult mean mass -0.003 -0 .009 0.008 -0.008 0.014 0.592 0.001 -0 0 ! 7 0.671 0.820 
adult s.d. mass 0.003 0.003 0 . ! !2 0. !43 0.059 0.!39 
adult N ! 3 3 36 I! 39 !6 
yearling mean 0.003 0 .00 ! 0.697 0.005 0.027 0.591 0.046 0 026 0.488 0.368 
mass 
yearling s.d. 0.005 0.007 0. ! 74 0088 0 082 0 056 
mass 
yearling N 5 6 17 23 25 ! ! 
Home Range Characteristics 
Size 
Home range size estimates of P. mcallii at Mudhill varied greatly between 
individuals (Table 10). Linear models of year-long home range size including SVL, 
condition, and sex explained little of the overall variation in home range size (Table 11). 
However sex, condition, SVL, and the interaction between SVL and condition were 
significant predictors of total home range size, while sex and the interaction between 
SVL and condition were significant predictors of core home range size (Table 11). Home 
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range size was greater in males (Table 10), and increased with size and condition (Fig. 
13 and 14). Core home ranges were considerably smaller than total home ranges in both 
males (core area was 27% of total in 1999, 21 % in 2000) and females (25% in 1999, 19% 
in 2000). 
Linear models of month-long home range size explained very little of the overall 
variation in 1999, but performed slightly better in 2000. Sex was a significant predictor 
of both total and core home range size in 1999 (Table 11 ). In 2000, the interaction 
Table 10-Descriptive statistics for year-long home range sizes (m2) of Phrynosoma 
mcallii at OWSVRA. I derived 95% and 50% utilization distributions from fixed kernel 
with least-squares cross validation analyses. Estimates from MCP analyses are presented 
unaltered, and adjusted with a correction factor. 
1999 2000 combined 1999 2000 combined 
females females females males males males 
N 24 26 50 29 25 54 
mean # relocations 21.0 25.6 23.4 19.1 26.0 22.3 
95% fixed kernel 
mean 4274 .94 6860.53 5619.45 10902.94 9613.14 10305 .8 1 
standard deviation 2440.50 14466.69 10548.77 8723.99 9313.32 8939.07 
standard error 498 .16 2837. 15 1491.82 1620.01 1862.66 1216.45 
nummum 308.19 119.25 119.25 83.58 402 .65 83 .58 
maxunum 9728 .58 73976.67 73976.67 37924.61 33281 .50 37924.61 
50% fixed kernel 
mean 1048.21 131 7.16 1188.06 2935 .91 2006.4 1 2505. 59 
standard deviation 635 .68 1887.08 1423.01 2457.02 1748.17 2189.08 
standard error 129.76 370.09 201 .25 456.26 349.63 297.90 
rrurnmum 95.37 3.20 3.20 64.02 161.30 64 .02 
maximum 2644.62 6939.97 6939.97 8438.18 6652.53 8438 .18 
MCP 
mean 3946.18 7616.90 5854.95 10395 .51 12384.68 11316.42 
standard deviation 1779.70 6900.74 5405.04 5972.84 9361.38 7715 .79 
standard error 363.28 1353.35 764.39 1109.13 1872.28 1049.99 
nummum 1838.27 208.38 208.38 2707.96 2049.72 2049.72 
maximum 8490.93 24829.23 24829.23 23526.80 42668.48 42668.48 
adjusted MCP 
mean 9065.47 17322.74 13359.25 24554 .97 23959.78 24279.42 
standard deviation 3509.85 20388.47 15337.36 13797. 15 14513.35 14001.46 
standard error 716.44 3998 .51 2169.03 2562.07 2902.67 1905.36 
minimum 4054.09 739.55 739.55 6166.54 4456.86 4456.86 
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Fig. 13- Plot of the log of total home range size on body condition of Phyrnosoma 
mcallii at Ocotillo Wells State Vehicular Recreation Area in 1999 and 2000. 
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Fig. 14-Plot of the log of total home range size on centered SVL of Phyrnosoma mcallii 
at Ocotillo Wells State Vehicular Recreation Area in 1999 and 2000. 
Table 11- Results of ANO VA tests of 95% (total) and 50% (core) year-long and 
month-long fixed kernel estimates of home range size. 
p F ss Total SS 
total year-long model 0.0000 6.205 9.569 34.50 
sex 0.0002 15 .26 3.923 
condition 0.0372 4.464 1.147 
SVL 0.0380 4.426 1.1 37 
se. x c. 0.8700 0.027 0.007 
se. x sv. 0.4989 0.461 0.118 
C. X SV. 0.0431 4.199 1.079 
total 1999 month model 0.0339 2.571 195.3 1289 
sex 0.0058 8.081 122.8 
month 0.8680 0.142 4.310 
S. X m. 0.5455 0.611 18.57 
total 2000 month model 0.0004 3.805 11 .05 38.79 
sex 0.1072 2.65 1 0.855 
month 0.13 78 1.792 2.312 
S. X m. 0.0332 2.751 3.550 
core year-long model 0.0001 5.505 24.23 95.39 
sex 0.0000 19.42 14.25 
condition 0.0797 3.135 2.300 
SVL 0.2362 1.421 1.042 
se. x c. 0.9821 0.001 0.000 
se. x sv. 0.7480 0.1 04 0.076 
C. X SV. 0.0469 4.051 2.972 
core 1999 month model 0.0237 2.780 111.3 691.5 
sex 0.0034 9. 165 73 .78 
month 0.3613 1.033 16.63 
s. xm. 0.5029 0.694 11.1 7 
core 2000 month model 0.0000 4.659 224.8 685.8 
sex 0.2397 1.402 7.513 
month 0.5547 0.759 16.28 









between sex and month was a significant predictor of home range size (Table 11). 
Month-long home range size was larger in 1999 males than 1999 females. Females used 
considerably larger areas in September of 2000 than in other months, 2000 males used 
larger areas in August than did females early in the year. I derived female range size in 
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September from few individuals, and September range size likely was influenced by 
movements related to egg-deposition. Larger male ranges were apparent in other months. 
Fidelity 
Phrynosoma mcallii at Mudhill showed substantial between-year, and within-year 
home range fidelity (Fig. 15 and 16). Most animals showed considerable overlap 
between all home range estimation periods, and most did not shift home range areas by 
large distances (Tables 12 and 13). Mean home range span (from year-long MCP 
estimates) varied from 103 m among 1999 females to 175 m among 2000 males. Center 
shift distances averaged much less than did range span distances (Tables 12 and 13). Few 
lizards shifted range centers to areas outside the boundaries of previous home ranges. 
Table 12- Between-year home range fidelity of Phrynosoma mcallii home ranges at 
OWSVRA. Center shift distance measures the distance between the Gaussian kernel 
estimates of the center of activity in 1999 and 2000. Other metrics are simple indices of 
proportion of overlap between 1999 and 2000 home ranges estimated with MCP, 50% 
utilization (core), and 95% utilization distribution (total) home range analyses . 
lizard ID sex center shift (m) MCP 50% kernel 95% kernel 
902 female 34.87 0.61 I 0.024 0.494 
906 female 16.93 0.593 0.647 0.741 
908 female 56.91 0.642 0.016 0.195 
913 female 81.99 0.408 0.000 0.107 
921 female 9.51 0.404 0.620 0.690 
927 female 31.01 0.623 0.128 0.501 
934 female 15.94 0.400 0.043 0.218 
972 female 168.92 0.000 0.000 0.000 
mean 52.01 0.460 0.185 0.368 
907 male 36.90 0.455 0.218 0.577 
916 male 23 .07 0.809 0.689 0.573 
929 male 67.52 0.540 0.393 0.644 
937 male 55.48 0.664 0.000 0.080 
953 male 12.99 0.509 0.122 0.242 
962 male 48 .09 0.560 0.555 0.728 
971 male 51.81 0.455 0.094 0.394 
974 male 48.55 0.790 0.115 0.240 
976 male 40.37 0.758 0.183 0.590 
mean 42.75 0.616 0.263 0.452 
Table 13- Descriptive statistics of within-year home range fidelity in Phrynosoma 
mcallii home ranges at OWSVRA in 1999. Center shift distance measures the distance 
between Gaussian kernel estimates of activity centers. Other metrics are simple indices 
of proportion of overlap between month-long home ranges estimated with MCP, 50% 
utilization (core), and 95% utilization distribution (total) home range analyses . 
csd (m) MCP 50% kernel 95% kernel 
1999 male 
N 14 14 14 14 
mean 54.58 0.560 0.312 0.502 
standard deviation 54.16 0 .232 0.308 0.279 
standard error 14.47 0.062 0.082 0.075 
mm1mum 4.25 0.002 0.000 0.020 
maximum 168.74 0.825 0.741 0.825 
1999 female 
N 13 13 13 13 
mean 37.51 0.465 0.235 0.432 
standard deviation 23.85 0.227 0.223 0.225 
standard error 6.61 0.063 0.062 0.062 
minimum 4.64 0.097 0.000 0.008 
maximum 75.18 0.831 0.595 0.737 
2000 male 
N 25 25 25 25 
mean 39.97 0.560 0.239 0.470 
standard deviation 28.92 0.156 0.230 0.191 
standard error 5.78 0.031 0.046 0.038 
m1111mum 2.06 0.277 0.000 0.098 
maximum 105.72 0.792 0.626 0.793 
2000 female 
N 36 36 36 36 
mean 39.53 0.434 0.214 0.363 
standard deviation 25.93 0.231 0.229 0.187 
standard error 4.32 0.039 0.038 0.031 
m1111mum 0.08 0.022 0.000 0.073 
maximum 103 .28 0.845 0.736 0.721 
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Neither sex nor the number of months between estimation periods (Table 14) explained 
variation in center shift distance. 
The same is true of variation in between-year home range overlap, and of 
variation in within-year overlap in 1999. In 2000, the amount of total and core range 
overlap decreased as time between estimation periods increased (Table 14). I regard this 
result with caution as I recorded very few observations of home range fidelity over four 
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Fig. 15- Plot of center shift distances (m) between home ranges in 1999 and 2000 on the 
mean of total home range size estimates (m2) derived from fixed kernel analyses in 1999 
and 2000 of Phyrnosoma mcallii at Ocotillo Wells State Vehicular Recreation Area. 
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Fig. 16- Within-year variation in center shift distances (m) of Phyrnosoma mcallii at 
Ocotillo Wells State Vehicular Recreation Area by sex and year in 1999 and 2000. 
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Table 14- Results of ANO VA tests of home range fidelity derived from 95% (total) 
and 50% (core) year-long and month-long fixed kernel home range estimates. 
p F ss total SS r2 
between year center shift model 0.7694 0.089 0.009 1.591 
within year center shift 1999 model 0.9064 0.099 0.039 4.731 0.0082 
sex 0.6961 0.156 0.031 
months between 0.7264 0.125 0.025 
within year center shift 2000 model 0.9624 0.095 1.676 336.5 0.0050 
sex 0.6508 0.207 1.216 
months between 0.9614 0.002 0.014 
S. X m. 0.5975 0.282 1.656 
between year total overlap model 0.4979 0.482 0.030 0.955 
within year total overlap 1999 model 0.6948 0.370 0.049 1.651 0.0299 
sex 0.6961 0.156 0.031 
months between 0.7264 0.125 0.025 
within year total overlap 2000 model 0.0029 5.242 0.490 2.267 0.2162 
sex 0.8704 0.027 0.001 
months between 0.0039 9.026 0.281 
S. X m. 0.2828 1.176 0.037 
between year core overlap model 0.1861 1.920 0.775 6.831 
within year core overlap 1999 model 0.6093 0.506 0.672 16.62 0.0404 
sex 0.5753 0.323 0.214 
months between 0.3301 0.988 0.657 
within vear core overlap 2000 model 0.0072 4.432 5.423 28 .67 0.1891 
sex 0.5618 0.341 0.139 
months between 0.0008 12.42 5.067 
S. X m. 0.4118 0.684 0.279 
Overlap 
Most of the variation in home range overlap was not accounted for by any 
explanatory variables (Tables 15 and 16). Sex of overlapping lizard(s), and the 
interaction between sex and sex of the overlapping lizard(s) explained more variation in 
year-long total and core cumulative overlap than other variables (Tables 15 and 16). 
Lizards overlapped with lizards of the opposite sex more than with lizards of the same 
40 
sex (Fig. 17). This was more true of females than of males. Although a significant 
predictor of total cumulative overlap variation, condition explains very little overall 
variation (Fig. 18). Female P. mcallii were overlapped less in core area than in total area 
( core overlap was 5% of total overlap in 1999, 29% in 2000) by lizards of the same sex. 
The same was true of males (37% in 1999, 9% in 2000). Core overlap by the opposite 
sex was a greater percentage of the total in both females (43% in 1999, 29% in 2000), 
and males (51 % in 1999, 38% in 2000). 
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Fig. 17- Plot of cumulative overlap of core home ranges, derived from fixed kernel 
estimates, on cumulative overlap of total home ranges of Phyrnosoma mcallii at Ocotillo 
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Fig. 18- Plot of cumulative overlap of total home ranges, derived from fixed kernel 
estimates, on condition of Phyrnosoma mcallii at Ocotillo Wells State Vehicular 
Recreation Area in 1999 and 2000. 
Sex of overlapping lizard(s), month, and the interaction between sex and sex of 
the overlapping lizard explained some variation in month long cumulative overlap in both 
1999 and 2000 (Tables 15 and 16). Lizards were overlapped by the opposite sex more 
than by the same sex. This was more true of females than males (Fig. 1 7), except in core 
areas in 2000. Lizards were overlapped more during the breeding season (July in 1999, 
August in 2000) than during other months. Lizards displayed little overlap in September 
and October of 2000, however I believe this is largely an artifact of methodology. I 
monitored relatively few lizards during these months, and many possible overlaps may 
have been missed. 
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Many of the same patterns are visible in examinations of pairwise overlaps. 
My linear models explained very little variation in pairwise overlap. Year and type of 
pair (female-female, male-female, and male-male) significantly explained some variation 
in year-long pairwise overlap (Table 15). In 1999, the model did not explain variation of 
individual variables, while in 2000 type of pair explained some variation (Table 15). 
Male-female and male-male pairs overlapped more than did female-female pairs (Fig. 
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Fig. 19- Variation in indices of proportion of total home range overlap of Phyrnosoma 
mcallii at Ocotillo Wells State Vehicular Recreation Area in 1999 and 2000. Each index 
value represents the proportion overlap of 95% fixed kernel estimates of home range size 
between a pair (female-female, male-female, male-male) of lizards. 
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Table 15- Results of ANOVA tests of home range overlap derived from 95% (total) 
and 50% (core) year-long and month-long fixed kernel home range estimates. 
p F ss Total SS r2 
year-long core cum. overlap model 0.0000 10.97 19.34 78.38 0.2467 
sex 0.9343 0.007 0.002 
condition 0.3674 0.816 0.240 
other lizard(s) sex 0.0000 61.70 18.12 
S. X C. 0.7874 0.073 0.021 
S. XO. 0.0438 4.114 1.208 
C. XO. 0.6043 0.269 0.079 
1999 month-long core cum. overlap 0.0000 4.571 402 . l 1829 0.2198 
sex 0.9208 0.010 0.097 
month 0.0011 7.105 138.9 
other lizard(s) sex 0.0001 16.9 1 165.3 
S. X m. 0.4496 0.804 15.72 
S. X 0. 0.0288 4.875 47.65 
m. XO. 0.6970 0.362 7.075 
2000 month-long core cum. overlap 0.0000 3.427 6724 29748 0.2260 
sex 0.9783 0.001 0.097 
month 0.0118 3.326 1740 
other lizard(s) sex 0.0015 10.46 1369 
S. X m. 0.9713 0.130 68.02 
S. XO. 0.4747 0.513 67.15 
m. XO. 0.0709 2.200 1151 
year-long overlap index model 0.0043 3.557 9.568 108.0 0.0886 
pair type 0.0160 4.23 1 4.552 
year 0.0292 4.833 2.600 
p. X y. 0.4706 0.757 0.814 
1999 month-long overlap index model 0.1098 1.967 3.763 35.34 0.1065 
pair type 0.5836 0.543 0.520 
month 0.0261 3.856 3.690 
2000 month-long overlap index model 0.0442 2.290 7.023 44.34 0.1584 
pair type 0.0039 6.000 6.134 
month 0.6094 0.678 1.386 
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Table 16- Results of ANOVA tests of cumulative home range overlap derived from 
95% (total) year-long and month-long fixed kernel home range estimates. 
p F ss Total SS rz 
year-long total overlap model 0.0000 11.74 42.14 162.4 0.2596 
sex 0.6152 0.254 0.152 
condition 0.0092 6.920 4.139 
other lizard(s) sex 0.0000 37.34 22.33 
S. X C. 0.6004 0.275 0.165 
S. XO. 0.0000 27.05 16.18 
C. XO. 0.6495 0.207 0.124 
1999 month-long total overlap model 0.0000 5.398 196.3 786.4 0.2497 
sex 0.4290 0.629 2.542 
month 0.0025 6.235 50.40 
other lizard(s) sex 0.0015 10.41 42.06 
S. X m. 0.0620 2.835 22.91 
S. X 0. 0.0009 11.55 46.69 
m. XO. 0.4060 0.907 7.331 
2000 month-.long total overlap model 0.0000 8.578 359.7 851.7 0.4223 
sex 0.1340 2.267 6.337 
month 0.0000 13 .16 147.2 
other lizard(s) sex 0.0000 31.24 87.34 
S. X m. 0.8801 0.296 3.313 
S. XO. 0.0263 5.020 14.03 





I believe the adjusted yearly mortality rates best estimate survivorship of lizards at 
Mudhill. Observed mortality among lizards carrying transmitters may be greater than 
natural. Young and Young (2000) and Munger (1986) mentioned predation of 
transmittered Phrynosoma immediately following release. I observed a similar pattern. I 
believe that this may result from predators attracted to foreign scent on the lizards or 
transmitters . Other possibilities include increased visibility of transmittered lizards, and 
altered behavior of lizards following handling. 
Survivorship rates at Mudhill indicate less mortality than observed during other 
studies of P. mcallii (Muth and Fisher, 1992; Young and Young, 2000). However, 
survivorship rates fall within the range of observed rates in other Phrynosoma (Pianka 
and Parker, 197 5 and citations therein; Guyer and Linder, 1985; Munger, 1986; Fair and 
Henke, 1999). Researchers have reported low survivorship rates for P. cornutum and P. 
modestum (Munger, 1986; Fair and Henke, 1999). Fair and Henke (1999) asserted that 
these rates are not consistent with Pianka and Parker's (1975) assertion that Phrynosoma 
are K-selected in comparison to other phrynosomatids. Results from P. mcallii do not 
clearly refute or support Pianka and Parker's (1975) assertion. High mortality, and low 
survivorship rates calculated at other areas (Muth and Fisher, 1992; Young and Young, 
2000) are relatively comparable to rates of P. cornutum and P. modestum. However, 
mortality rates from this study support Pianka and Parker's ( 197 5) contention. 
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At other sites, round-tailed ground squirrels, and loggerhead shrikes are 
principal predators of P. meal/ii (Muth and Fisher, 1992; Young and Young, 2000). 
Although round-tailed ground squirrels are present on OWSVRA, they are extremely 
uncommon at Mudhill. Likewise, few large perennial plants occur on Mudhill. Young 
and Young (2000) found evidence of shrike predation concentrated around large 
creosotes, and speculated that elevated perch sites are important prerequisites of shrike 
predation. Subsidized predators, including coyotes and ravens, are commonly seen at 
OWSVRA, but appear concentrated around anthropogenic sources of food and water. 
Neither species was observed at Mudhill. Kit fox and sidewinders also take P. mcallii 
(FunJc, 1965; Muth and Fisher, 1992). Although I frequently saw sidewinders at Mudhill, 
snakes did not kill any transmittered lizards. I occasionally observed kit foxes at 
Mudhill, and kit foxes caused most natural mortality. The dearth of predators at Mudhill 
likely contributes to the low mortality rates observed in this study. 
Several researchers have commented on the possible impact of OHV use on P. 
meal/ii populations (Luckenbach and Bury, 1983; Muth and Fisher, 1992; Foreman, 
1997; Beauchamp et al., 1998; Nicolai and Lovich, 2000). However, little OHV related 
mortality has been documented (but see Muth and Fisher, 1992). Despite monitoring a 
total of 4344 lizard days, I did not observe any road or OHV related mortality. Most 
OHV traffic at OWSVRA occurs during periods of P. meal/ii inactivity (pers. obs.). 
Additionally, the rugged topography at Mudhill encourages OHV riders to stay on 
established trails. Due to these factors, and because P. meal/ii at Mudhill avoid OHV 
trails (unpublished data), I suspect that OHV use results in little direct mortality to the 
Mudhill population. 
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I noted long distance movements in several gravid females immediately prior to 
egg deposition. This pattern of movement ( distance from original capture position to 
most distant recapture position= 1647 m, 1092 m, 671 m, and 538 min four gravid 
females) may bring gravid females into increased contact with anthropogenic sources of 
mortality, especially in populations situated nearer to roads than is Mudhill. If long 
distance movements are typical, exposure of gravid females to increased mortality could 
impact P. mcallii populations out of proportion to overall mortality rates. 
Density Estimates 
Minimum densities detected during this study are comparable to P. mcallii 
densities reported by Muth and Fisher (1992), but are lower than other reported densities 
(Turner and Medica, 1982; Young and Young, 2000). Muth and Fisher (1992) pointed 
out that Turner and Medica (1982) violated assumptions that may have inflated their 
density estimates. Young and Young (2000) reported only densities from areas 
considered to be "high density." 
Young and Young (2000) also detailed dramatic annual differences in density. 
Measured densities at Mudhill varied little between 1999 and 2000. The years 1999 and 
2000 also differed little in annual precipitation. Based on other evidence, annual density 
at Mudhill likely varies greatly during more dissimilar conditions. In 1998, P. mcallii 
density appeared low (K. Young, pers. comm.). Substantial rainfall during the winter and 
spring of 1998 may have facilitated reproduction and recruitment, and contributed to 
increased density in 1999. Likewise, precipitation during the end of the 2000 active 
season, and during the winter of 2001 may have contributed to recruitment of lizards born 
in 2000, and early reproduction of lizards in 2001. Density at Mudhill appeared 
greater in 2001 than in 2000 (T. Gardner, pers. comm.). 
Reproduction 
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Previous investigators (Howard, 1974; Muth and Fisher, 1992; Young and Young, 
2000) have commented on the production of two cohorts of P. meal/ii neonates during 
years with favorable conditions. I did not observe this at OWSVRA in 1999 or 2000. 
Low precipitation in both years likely prevented the production of an early cohort. 
Despite poor conditions, at least half of adult females observed in 2000 reproduced. Four 
reproductive females were slightly smaller than the previously reported minimum SVL of 
66 mm (Howard, 1974; Pianka and Parker, 1975). I noted a lower mean clutch size (3 .27 
compared to 4. 7 (Howard, 1974), and 5.4 (Pianka and Parker, 1975) than previously 
reported . This undoubtedly reflects differences in methodology, but may also indicate 
that females at OWSVRA in 2000 produced smaller than typical clutches. If so, two 
interpretations explain this result. Females may have produced small clutches due to 
poor conditions. Alternatively, local populations of P. meal/ii inhabiting sunflower 
barrens may have evolved lower reproductive output (and possibly also a smaller 
minimum reproductive size) than other populations. The Mudhill site represents atypical 
habitat for P. meal/ii (Beauchamp et al., 1998). In addition to atypical substrate and 
topography, vegetation and ants are less abundant than at sites considered more typical P. 
meallii habitat (pers. obs.) . Unfortunately, it is not possible to evaluate these possibilities 
with currently available data. 
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Population Structure 
Muth and Fisher (1992) postulated that male and female P. mcallii are equally 
catchable. My results do not support this assertion. I found significantly more males 
than females in 1999. In both 1999 and 2000, adult males outnumbered adult females . I 
also recaptured previously marked males at a greater rate than females. Adult males at 
Mudhill commonly occupy elevated positions atop rocks (Fig. 4; unpublished data). I 
found it easier to spot lizards thus situated than lizards on other substrates. My findings 
reflect different search techniques than used by Muth and Fisher (1992) . I chiefly 
searched for lizards on foot, concentrating on ridges and atop rocks. Muth and Fisher 
(1992) scanned for lizards on dirt roads while driving at slow speeds. 
Lizards in 1999 were significantly heavier and in better condition than in 2000. 
Less precipitation fell at OWSVRA in 2000 than l 999, and precipitation often influences 
resources available to lizards ( e.g., Dunham, 1978; Turner et al., 1982). However, 
vegetation conditions and ant availability appeared qualitatively similar in both 1999 and 
2000. Thus, I suspect more complex influences were responsible for these differences . 
Food resources appeared to be more abundant at OWSVRA in 1998 than in either 1999 
or 2000, and lizards observed in 1998 were much heavier than in 1999 (K. Young, pers. 
comm.). I consider it likely that lizard weight and condition in 1999 reflect growth and 
stored energy derived from above average conditions in 1998 rather than differences 
between resources available in 1999 and 2000. 
It is worth noting that a substantial portion of the population was able to 
reproduce in 2000 despite two successive years of below average precipitation. If 
reproduction during poor conditions imposes a substantial survival cost to females, 
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reproduction during these conditions may indicate a relatively low probability of 
survival to the next reproductive season (see Shine and Schwarzkopf, 1992; Shine et al., 
1996). I am unable to explain the poor condition of yearling males in 2000 relative to 
yearling females. 
Data on P. meal/ii growth rates are limited (but see, Muth and Fisher, 1992; 
Young and Young, 2000). Comparisons between populations of P. meallii, and among 
Phrynosoma species, are complicated by differences in annual conditions, season, and 
lizard age. Young and Young (2000) stated that P. meal/ii at Yuma grew rapidly during 
favorable conditions. During less favorable conditions, I observed lower yearling growth 
rates than observed from yearlings of other Phrynosoma species (Guyer and Linder, 
1985; Tanner and Krogh, 1973; Pianka and Parker, 1975). Most yearlings I measured 
were close to adult size. This is not true of other studies (Guyer and Linder, 1985; 
Tanner and Krogh, 1973; Pianka and Parker, 1975). I suspect that this difference is at 
least as important as differences in environmental conditions or species. Adult females 
lost more mass between 1999 and 2000 than males. Measurements of females in 1999 
were made prior to egg deposition, thus loss of mass by females likely reflects the 
energetic costs of reproduction. 
Monsoon-related precipitation fell during each summer. These rainfall events 
stimulated dramatic short-term increases in ant activity. Consistent weight gains during 
rainy periods (Fig. 9) may be due to drinking (Peterson, 1998), increased food resources 
(e.g., Dunham, 1978; Turner et al., 1982), or influences of water availability on lizard 
growth unrelated to food availability (Stamps and Tanaka, 1981 ). In both years, 
increased social interactions between males and females (including copulations in 1999) 
were observed soon after substantial precipitation events. Although it is difficult to 
evaluate the importance of these rainfall events, summer precipitation may impact 
reproduction in otherwise dry years. 
Home Range Characteristics 
Size 
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Phrynosoma mcallii home ranges at Mudhill did not correspond to readily 
identifiable habitat features. Home range borders were not associated with habitat 
transitions. Unlike ranges of some other lizards (Gennaro, 1972; Jones and Droge, 1980; 
Brown et al., 1995; Van Sluys, 1997; Melville and Swain, 1999), P. mcalfii ranges did 
not center around particular habitat features. Instead, home ranges occurred randomly 
across the landscape with respect to topography, substrate, and vegetation. Due to the 
heterogeneous nature of the Mudhi II landscape, and relatively large size of most 
individual ranges, major habitat features including ridges, flats, rocks, sand, compacted 
silt, and vegetative cover were included within almost all ranges. Core ranges comprised 
a small portion of total ranges. Cores were usually centered near burrows used to shelter 
from mid-day heat, but often also included ant colonies. 
My results replicate some earlier findings from P. mcallii (Turner and Medica, 
1982; Muth and Fisher, 1992; Miller, 1999). All studies found substantial variation in 
home range size not explained by predictive variables. Turner and Medica (1982) noted 
much smaller home range sizes, but calculated home ranges of lizards using few 
recaptures, and did not use radio transmitters. Home range sizes calculated from visual 
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surveys may be smaller than those calculated from telemetry recaptures due to biases 
in visual sampling (Warrick et al., 1998). 
Lizards at Mudhill had smaller home ranges than lizards in other radio-telemetry 
based studies of the same species (Muth and Fisher, 1992; Miller, 1999). Two possible 
interpretations explain small range sizes at Mudhill. Miller (1999) suggested that long-
term home range sizes in her study were inflated due to shifts in home range (sensu Rose, 
1982). Thus, greater home range fidelity of lizards at Mudhill may decrease range size. 
Month-long home ranges in this study and 15-dayranges in Miller's (1999) study are of 
roughly similar size; this bolsters Miller's (1999) interpretation. 
Alternatively, food availability may impact home range size. Home range size 
decreases with increasing food availability in some phrynosomatid lizards (Simon, 1975; 
Jones et al. , 1987). However, this alternative is not supported by data from P. mcallii 
(Muth and Fisher, 1992; Miller, 1999; Young and Young, 2000; this study). During 
cursory examinations in 1999 and 2000, ants appeared more abundant in the area of Muth 
and Fisher's (1992) Superstition Hills site, and at the Yuma site studied by Miller (1999) 
and Young and Young (2000) than at Mudhill (pers. obs.). Although annual differences 
in ant availability may have decreased ant availability at these sites during the study 
periods compared to 1999 and 2000, I suspect ants were not more available at Mudhill in 
1999 and 2000 than during other studies. Mudhill was dry, and ants were inconspicuous 
in 1999 and 2000. While Miller ( 1999) reported drought conditions and limited ant 
availability, this was not true of Muth and Fisher's study ( 1992). Young and Young 
(2000) recorded larger ranges during a wet year than a dry year. Thus, I agree with 
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Miller (1999), and believe differences in P. meallii home range size from different 
populations largely reflect differences in range fidelity. 
Home range size has been considered a function of the energetic requirements of 
an individual lizard (Turner et al., 1969; Schoener, 1971 ). However, foraging strategy 
also impacts area use, and may confound relationships between lizard mass and home 
range size (Rose, 1982; Christian and Waldschmidt, 1984). Christian and Waldschmidt 
(1984) observed that lizard mass explained little variation in home range size among 
lizards with similar foraging strategies. Lizards that actively forage for insects maintain 
larger home ranges than do sit-and-wait insectivores (Jones and Drage, 1980; Rose, 1982; 
Wan-ick et al., 1998). Although Pianka and Parker (1975) considered Phrynosoma to be 
sit-and-wait foragers, this is not true of all species. Phrynosoma meal/ii more typically 
actively forage; both for solitary insects, and at the periphery of ant colony entrances and 
trails (K. Young, pers. comm.; pers . obs.). 
Relationships between mass and home range size derived from meta-analyses do 
not consider prey density (e.g., Turner et al., 1969; Christian and Waldschmidt, 1984). 
Phrynosoma meal/ii inhabits less productive habitat than do most lizards. Lizards living 
in unproductive landscapes likely require larger areas to meet energetic requirements than 
do lizards of the same mass in more productive landscapes. As expected for an active 
foraging species inhabiting unproductive areas, lizards in my study maintained much 
larger home ranges than would be predicted by the mass based calculations of Turner et 
al. ( 1969). This was also true in previous investigations of home range size in P. meal/ii 
(Muth and Fisher, 1992; Miller, 1999). 
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Although male phrynosomatid lizards typically maintain larger home ranges 
than do females (Rose, 1982; Stamps, 1983; Smith, 1995), variable results have been 
recorded from P. mcallii (Turner and Medica, 1982; Muth and Fisher, 1992; Miller, 
1999; Young and Young, 2000). Sex explained more range size variation in this study 
than did other explanatory variables. Home ranges of males were approximately twice as 
large as ranges of females, matching patterns seen in other phrynosomatids (Rose, 1982). 
Males may maintain larger ranges to encounter more females (Schoener and Schoener, 
1982; Smith, 1995). However, unlike many phrynosomatids (Rose, 1982), male P. 
meal/ii at Mudhill did not increase home range size during periods of reproductive 
activity. Body size and condition explained a small amount of range size variation. 
Small (immature) lizards, typically maintained small ranges (Fig. 9). Several studies 
have noted an expansion of home range size with age (Brown et al., 1995 and citations 
therein). It has been difficult to distinguish whether this occurs as body size and 
energetic requirements increase, or if it indicates an increase in social status (Brown et 
al., 1995 and citations therein). 
I looked at month-long home ranges for two reasons. First, to investigate if 
patterns of year-long area use were also evident over shorter time spans. Second, to 
evaluate differences in area use during different times of the year. Sex explained some 
month-long range size variation in 1999, but not in 2000. Few coherent differences in 
seasonal patterns of area use were evident. However, all gravid females moved large 
distances prior to oviposition, and most moved relatively little in early summer. 
Movement of gravid females to nest or birth sites has been observed in Phrynosoma 
(Guyer, 1991), and other phrynosomatids (Blair, 1960; Tinkle et al., 1962). Individual 
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female P. mcallii moved much greater distances (mean 987 m) than females of other 
species (less than 400 m for P. douglasi from Guyer, 1991 ). Dispersal of offspring may 
reduce competition between related individuals, or serve to reduce inbreeding. Female 
mediated dispersal may offer neonates increased survival prospects as compared to direct 
dispersal of offspring. Activity increases mortality risk in many squamate reptiles 
(Bonnet et al., 1999). Small lizards experience greater mortality than large lizards (Shine 
and Chamov, 1992). Thus, shifting dispersal-related activity from small neonate lizards 
to large adult females may decrease net mortality risk. 
Fidelity 
Although home range characters of lizards have been well studied (e.g. , Turner et 
al., 1969; Rose, 1982; Martins, 1994; Van Sluys, 1997), relatively few studies have 
explicitly addressed home range fidelity (Bull and Freake, 1999). Discussions of home 
range fidelity in Phrynosoma have questioned whether these lizards maintain home 
ranges or move randomly throughout the environment. Some researchers have found 
Phrynosoma to maintain small, nonrandom areas of use (Lowe, 1954; Parker, 1971 ; 
Baharav, 1975; Munger, 1984), but others note little evidence of site fidelity in 
Phrynosoma (W. Whitford in Baharav, 1975; Tanner and Krogh, 1973; Guyer, 1991; Fair 
and Henke, 1999; Miller, 1999; Young and Young, 2000). 
Fair and Henke (1999) and Miller (1999) used definitions of home range that 
implicitly consider range fidelity a necessary component of a home range (from Bailey, 
1984; and Burt, 1943, respectively) . Fair and Henke (1999) and Miller (1999) argued 
that lizards that shift areas used over time do not have true home ranges. However, it is 
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more informative to consider home range fidelity a separate character in defining area 
use (e.g., Bull and Freake, 1999), while specifying the length of time from which a home 
range is calculated. 
Lizards at Mudhill maintained relatively high home range fidelity, both between 
months and between years. This contrasts with shifting areas of use observed by Miller 
(1999). Differences in methodology between this study and that of Miller (1999) may 
contribute to observed differences in range fidelity. I calculated month-long ranges, 
while Miller (1999) estimated ranges from 15-day periods. Thus, range shifts occurring 
at short intervals may have been noticed by Miller (1999), but obscured in my study. 
Furthermore, I consider center shift distance to be the best measure of range stability. 
Miller ( 1999) calculated an overlap index and evaluated home range size asymptotes. 
Because overlap calculations are sensitive to both differences in size as well as distance 
shifted, Miller ( 1999) may have considered changes in home range size to represent range 
infidelity. Failure of home range size to asymptote at some number of relocations has 
been interpreted as evidence of range infidelity (Rose, 1982; Miller, 1999). However, 
Gautestad and Mysterud ( 1995) demonstrated that patterns of animal movement seldom 
conform to assumptions of the classical home range model, and provide evidence that 
home range size should not be expected to asymptote with increasing relocations. To 
evaluate the effect of some differences in methodology, I used two-tailed t-tests to 
compare values of between-months MCP overlap at Mudhill in 1999 and 2000 to Miller's 
(1999) MCP derived overlap values. Both males and females at Yuma showed less 
overlap than did animals at Mudhill in either year (p < 0.05). While methodological 
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differences may contribute to some observed differences in home range fidelity, lizards 
at Mudhill exhibited greater home range fidelity than did lizards at Yuma. 
Fair and Henke ( 1999) speculated that differences in ant colony distribution, 
colony size, and ant foraging behavior contribute to differences in home range use 
between different populations of P. cornutum (Munger, 1984; Fair and Henke, 1999). 
Baharav (1975) also suggested that ant mound distribution affects P. solare movement 
patterns. Differences in available ant resources may also contribute to differences in 
range fidelity among populations of P. mcallii. Phrynosoma mcallii at Yuma include the 
harvester ants Pogonomyrmex magnacanthus, P. californicus, P. maricopa, and Messor 
pergandei in their diet (Young and Young, 2000). At Mudhill, P. maricopa is absent 
(Johnson, 2000) and P. californicus appears to be much more common than P. 
magnacanthus (pers. obs.). Messor pergandei occurs in large colonies (Johnson, 2000), 
and is widespread at both areas. However, M. pergandei is present at apparently higher 
densities at Yuma than at Mudhill (pers. obs.). Pogonomyrmex californicus establishes 
larger colonies than do P. magnacanthus and P. maricopa (Johnson, 2000). Fair and 
Henke ( 1999) argued that lizards dependent on widely scattered, large ant colonies may 
forage near a single ant colony for several days, then shift to a new ant colony. This 
would lead to shifting patterns of range use. However, unless lizards at Yuma are more 
dependent on M pergandei than are lizards at Mudhill, shifting range use in P. mcallii 
does not correlate with use of large, widely spaced colonies of harvester ants. 
Alternatively, burrow availability and risks associated with using may contribute 
to differences in home range fidelity. Phrynosoma mcallii use burrows to escape mid-
day high temperatures at both Yuma (K. Young, pers. comm.), and Mudhill (pers. obs.). 
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However, lizards at Yuma typically dig a new burrow each day (K. Young, pers. 
comm.), while animals at Mudhill often use the same burrow for several days to several 
months (pers . obs.). Areas of loose silt and sand are limited at Mudhill, and randomly 
moving lizards may risk critically high temperatures if they venture into an unfamiliar 
area with few substrate patches suitable for burrow construction. In contrast, Yuma has a 
uniformly sandy substrate. Lizards at Yuma may also reuse burrows less than lizards at 
Mudhill because windblown sand rapidly fills in burrows, or because soils at Yuma are 
not stable enough to allow lizards to construct long-term burrows. Predation risk may 
also alter burrow use. Whitford and Bryant ( 1979) suggested that P. cornutum avoids 
burrows because nonterritorial species risk encountering predators while using burrows. 
Lizards at Yuma may minimize predator risk by constructing new burrows daily. 
Predation pressure is less intense at Mudhill, perhaps allowing lizards to reuse burrows 
with less risk than at Yuma. Reuse of burrows may substantially contribute to range 
fidelity at Mudhill. 
Guyer ( 1991) pointed out that Phrynosoma species with reduced home range 
affinities are also ant specialists, and are evolutionarily more derived. Phrynosoma 
mcallii is highly derived with respect to its congeners (Reeder and Montanucci, 2001), 
and is the most myrmecophagous species of Phrynosoma (Pianka and Parker, 1975). 
However, P. mcallii followed during this study demonstrated substantial home range 
fidelity. My results contrast with shifting patterns of area use observed in earlier studies 
of P. mcallii (Miller, 1999; Young and Young, 2000). Populations of P. cornutum also 
differ in range fidelity (Munger, 1984; Fair and Henke, 1999). Populations of a scincid 
lizard, Tiliqua rugosa, include both transient individuals who shift areas used, and 
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individuals who reuse the same area in successive years (Bull, 1995). Less explicit 
investigations of range fidelity in phrynosomatid lizards also suggest both transient and 
stable individuals occur in many populations (Rose, 1982 and citations therein). Because 
few studies specifically address home range fidelity in Phrynosoma, little information is 
available to evaluate if multiple patterns of spatial use within a single population also 
occur among Phrynosoma (but see Young and Young, 2000). As of yet, no information 
exists to evaluate the relative contributions of genetic differences and plasticity to 
intraspecific variation in lizard home range fidelity. However, substantial intraspecific 
variation in Phrynosoma home range fidelity suggests that home range fidelity is a 
phylogenetically uninforn1ative character among these taxa. 
Overlap 
Cumulative overlap indicates area shared with other lizards. Overlapped areas are 
not used exclusively by any lizard. Instead, resources contained within overlapped areas 
are shared, and may be less available to individual lizards (Rose, 1982). Thus overlap 
can influence home range size. For home ranges determined by energetic requirements, 
range size should increase with overlap proportion. This relationship may be difficult to 
discern, because at a fixed density an increase in home range size will increase the 
proportion of overlap (Schoener and Schoener, 1982). 
Patterns of overlap can indicate social structure (Ferner, 1974; Schoener and 
Schoener, 1982; Stamps, 1983; Brown et al., 1995). Low proportions of intrasexual 
overlap provide evidence of territoriality, while high proportions of intrasexual overlap 
may indicate hierarchical organization (Brown et al., 1995). Lizards at Mudhill display 
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low proportions of overlap (as per Rose, 1982). Although Phrynosoma are often 
considered to lack complex social displays (Lynn, 1965), Tollestrup ( 1981) provided 
evidence of varied assertion displays. Lizards at Mudhill use displays (pers. obs.), and 
may use elevated perch sites for social functions (unpublished data). Phrynosoma meal/ii 
may be more territorial than previously realized. 
Miller (1999) observed male-male and male-female, but not female-female 
overlap in P. mcallii. I noted female-female overlap among lizards, however, my results 
otherwise replicate Miller's (1999) findings. Substantially less female-female overlap 
was seen than male-male or male-female overlap. This conforms to a general pattern of 
phrynosomatid lizards (Ferner, 1974; Rose, 1982; Stamps, 1983; Smith, 1985). Because 
overlap proportion is affected by range size, it is difficult to evaluate whether overlap 
occurs as lizards seek out or tolerate conspecifics, or whether overlap is a function of 
factors affecting range size. Male lizards maintain larger ranges than do females, thus 
high male-male overlap may simply result from larger range sizes. However, overlap 
proportions were highest between male-female pairs. Because this is not expected based 
upon range size alone, intersexual overlap proportions indicate efforts of lizards to 
encounter opposite sex conspecifics. Intersexual overlap proportions were greatest 
during periods of breeding activity. Other phrynosomatids show similar seasonal patterns 
(Rose, 1982). 
Lizards may defend or maintain exclusive use of portions of a home range, while 
allowing overlap of other portions (Sweet, 1999). However, it is difficult to evaluate 
partial territoriality of cryptic lizards. One means to investigate partial territoriality is to 
examine overlap of core areas. Little overlap of core areas was evident. Substantially 
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greater intersexual overlap occurred than intrasexual overlap. Patterns of core overlap 
reinforce evidence from total overlap that lizards at Mudhill exhibit a degree of 
intrasexual territoriality, but tolerate or seek out conspecifics of the opposite sex. The 
ranges of many lizards overlapped those of several other lizards, especially lizards of the 
opposite sex. This suggests a polygamous mating system, a pattern consistent with both 
partial territoriality and patterns from other phrynosomatid lizards. 
Phrynosoma mcallii at Mudhill exhibit a range of demographic and area use 
characteristics. While many characters of this population conform to patterns observed in 
previous studies, other characters are divergent (Muth and Fisher, 1992; Miller, 1999; 
Young and Young, 2000). Phrynosoma mcallii at Mudhill during the relatively poor 
years of 1999 and 2000, showed low mortality rates, and a stable population structure. 
This stands is stark contrast to demographic parameters observed during periods of high 
resource availability at other sites (Young and Young, 2000). I also noted distinct 
differences in patterns of area use. Phrynosoma mcallii at Mudhill maintained smaller, 
more stable home ranges than have been previously noted (Muth and Fisher, 1992; 
Miller, 1999; Young and Young, 2000). Both intrapopulation variation in area use 
characters, and the differences between populations indicate that area use characters are 
highly plastic in P. mcallii. However, while area use traits are highly variable between 
individuals and between populations, large scale patterns of area use indicate surprising 
conformity with trends noted in other phrynosomatid lizards. Despite a unique 
morphology, patterns of area use by P. mcallii in an extreme landscape are widely shared 
by closely related lizards with very different ecological traits. 
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